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Increase in masses of mixed (myelinated and nonmye-
linated) nerve are observed in the dermis of clinically 
normal skin of patients with multiple endocrine neopla-
sia, type 2b (MEN 2b). Preliminary histochemical studies 
revealed nucleoside triphosphatase and nonspecific acid 
esterase. Electron microscopy showed axonal organ-
elles, mild degeneration ofaxons, and numerous axons 
unassociated with Schwann cells. The normal-appearing 
skin in MEN 2b seems to contain abnormal nerve tissue 
development equally with the mucosal and the gastroin-
testinal tract. 
Multiple endocrine neoplasia, type 2b (MEN 2b) is a rare 
autosomal-dominant disease that combines medullary thyroid 
carcinoma, pheochromocytoma, and marfanoid habitus with 
connective tissue abnormalities and alimentru'y tract gangli-
oneuromatosis [1,2]. Proliferative pathologic nerve mucosal 
changes produce the unique facies of the syndrome-nodular 
and diffuse enlargement of the lips, hypertrophic tongue, and 
papular enlru'gement of the conjunctival margin with lid ever-
sion. The cornea shows an increase and a thickening of nerve 
trunks. 
There is no reported experience regarding significant clinical 
s kin changes of the glabrous and hairy skin of patients with this 
syndrome [3]. Patients do not complain of prW'itus, paresthe-
s ias, or other skin changes. The development of the skin is 
clinically normal, and keratinization, hair and nail formation, 
s weating, and circulation also appear to be normal. We know of 
1 patient with sweating limited to the axillae. The injection of 
histamine into the skin results in a wheal, bu t no flare-a sign 
of denervation [4). OW' intensive study of casual biopsy speci-
mens of the normal skin of 7 patients with MEN 2b has 
d emonstrated abnormalities of the cutaneous nerves that ru'e 
comparable to changes in the mucosa, gastrointestinal tract, 
and eye, and indicate that pathologic proliferation of cutaneous 
nerve tissue is palt of the syndrome. 
METHODS 
The Mayo Clinic experience with MEN 2b consists of 21 patients 
previously reviewed in deta il [5]. Thirteen were females and 8 were 
males. Twelve patients were members of 4 families, with the disorder 
t ransmitted as a n autosomal-dominant trait. 
Specimens of the skin available for histologic examina tion were 
obtai ned li'om the margin of surgical excision for thyroidectomy (4 
patients), for bilateral adrenalectomy (1 patient) , and for sural nerve 
biopsy (1 pat ient). Cervical and abdominal skin biopsy specimens were 
a va ilable in 1 case. Punch biopsy specimens of forearm skin were 
obtained from 2 other patients. 
The specimens weJ'e fixed in 10% buffered formaldehyde for routine 
study and for frozen section study using the Bielschowsky technique 
[6]. Sucrose-ammonium-formaldehyde was the fixative used for the 
Winkelmann frozen-section silver method [7]. Specimens also were 
fixed in Bouin's fluid and buffered 3% glu taraldehyde. Two specimens 
were frozen in liquid ni trogen for histochemical study: cryostat. sections 
were reacted for acid phosphatase, a lkaline phosphatase, ATPase, 
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indoxyl esterase, nonspecific esterase, succinic dehydrogenase, cyto-
chrome-oxidase, monamine oxidase, and specific and nonspecific cho-
linesterase [8,9]. The glu taraldehyde-fixed specimens were postfixed in 
osmium, embedded in an epoxy resin (Epon), stained with lead citrate, 
and examined in an electron microscope (Phillips 200). 
RESULTS 
The clinically normal dermis in patients with MEN 2b con-
tained an increase in organized nerve tissue. It was aggregated 
in multiple nerve fascicles or trunks frequently containing my-
elinated nerve and was present in both the dermal-subcuta-
neous and dermal layers (Fig lA). The large nerve fascicles 
were composed of parallel masses of spindle cells and nerve 
fibers. Capillary vessels were observed within the fascicles. The 
fascicles were lru'ger than normal (1.5-4 times) and were more 
frequent. Enlarged nerve fascicles were observed within a h.igh-
power field of the epidermis and were observed in all ru'eas of 
FIG 1.. A, Nerve fasc icles at. dermal-subcutaneous junction. (Hema-
toxylin and eosin; x 100.) B, Large neuroma-like nerve fascicle in upper 
dermis, showing variation in fascicle diameter. (Hematoxylin a nd eosin; 
reduced from x 160.) 
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FIG. 2. A, Interlacing axons in rounded superfic ial dermal mass, resembling mucocutaneous nerve end organ. (Bielschowsky; x 400.) B, 
Myelinated innervation rising to tactile hair disk containing Merkel ceUs. (Winkelmann silver; x 250.) 
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skin studied, except in skin from the elbow and leg. The 
perineurium was normal or thickened. The epidermis, append-
ages, blood vessels, and connective tissue were normal. 
Generally, the nerve fascicles were uniformly larger than 
normal dermal nerve from the same level, but some showed 
abrupt changes in diameter, and some also showed mild internal 
disorganization, as in a neuroma (Fig IB). The nuclear regular-
ity and spacing varied in these fascicles, and this variability 
produced a neuroma-neurofibroma-like appearance. No mucin, 
acid mucopolysaccharide, or neutral mucopolysaccharides were 
demonstrated. Only 1 fascicle showed vacuolar myelin degen-
eration. 
Both the Bielschowsky and the Winkelmann n:ozen-section 
silver method demonstrated large nerve fascicles containing 
both myelinated and unmyelinated nerve fibers. The nerve 
axons generally had a regular size and distribution. Some inter-
lacing bands of axoplasm gave an appearance that was equiva-
lent to that of a mucocutaneous end organ high in the dermis 
of an abdominal skin biopsy specimen (Fig 2A). Subpapillary 
and papillary nerves were usually observed. Tactile hair disk 
innervation was noted (Fig 2B). 
The lysosomal enzyme a-naphthyl esterase was positive in 
the nerve fascicles of 1 biopsy specimen and was not confined 
to a given component or structure (Fig 3A). The other lysosomal 
- ,.; ...... ~ 
, -
::.. 
. , 
-. 
FIG 3. A, Nerve fascicle in longitudinal and cross section with non-
specific esterase. (Naphthyl acetate esterase method; x 400.) B, Large 
upper dermal nerve fasc icles are stained dense ly positive by ATPase. 
Note varied diameters and constrictions. (Wachstein-Meisel ATPase 
method; reduced from X 160.) 
enzymes and respiratory enzymes were absent or normal. With 
ATPase, the epidermal Langerhans cells were positive and the 
dermal nerve fascicles were strongly positive (Fig 3B)' 
Cholinesterase techniques were used only on the leg biopsy 
specimen, which showed no nerve structures on routine stain, 
and this tissue was negative for these special enzymes. 
Electron Microscopy 
Increased organized masses of Schwann cells and axoplasm 
were observed within the dermis. The nerve masses were sur-
rounded by several layers of perineurial cells, which showed 
pronounced cell membrane pinocytosis. The Schwann cells 
were noted lying in an endoneurial collagen matrix composed 
of collagen fibers, some of which were mature and compact and 
others that were of small diameter and loosely associated (Fig 
4). Endoneurial collagen accounted for as much as half of the 
total mass. There appeared to be many more single myelin 
fibers within the individual Schwann cells than are usually 
found in normal dermal nerve trunks, for terminal nerve trunks 
are composed frequently of only nonmyelinated nerve fibers. 
The myelin was normal in structure and in Schwann cell 
relationships. The nonmyelinated nerve axons varied in size 
and were found in varied numbers associated with and within 
the Schwann cell cytoplasm. The nonmyelinated axons were 
single and free in the connective tissue or were bound as part 
of the cytoplasmic bundle in the Schwann cell cytoplasm. The 
axons contained neUl·ofibrils and neurotubules, and in many 
areas, vesicles and mitochondria were seen. Some axons were 
undergoing clear or vacuolar (or both) degeneration, which left 
residual granular material (Fig 5). Lipid dense bodies were 
observed occasionally in the axoplasm and the Schwann cell 
cytoplasm. Some of the nonmyelinated axons were not covered 
by Schwann cell cytoplasm and were not related to a developed 
mesaxon (Fig 6). Many mesaxonal membrane structures were 
very broadly sepru·ated, and the membranes were only occa-
sionally in typical close apposition. As a result, many nonmye-
linated axons were covered on one surface only by basement 
membrane, the only structure that sepru·ates the axon from the 
endoneurial connective tissue. The basement membrane was 
prominent and often of variable thickness and density. The 
basement membrane was reduplicated in some areas and pro-
liferated in loops or strands that extended to or toward individ-
ual axons that were not within the Schwann cells. Collagen was 
not included with the cytoplasm of the Schwann cells. 
DISCUSSION 
We have demonstrated in clinically normal skin that dermal 
hyperneury-both in number and size of nerve fascicles-is 
prut of MEN 2b. The widespread presence of proliferated, 
enlm·ged, and distorted nerve trunks in the mucous membrane 
and eye and of ganglioneuroma to sis in the gut indicated that 
involvement of the skin could be expected despite the overt, 
clinically normal appearance of the glabrous and hairy skin. No 
consistent skin pigmentary, epithelial, or connective tissue 
changes accompany this syndrome. As in the mucosa, the 
principal changes m·e space-occupying phenomena associated 
with the enlarged and altered nerves. Except for tumor bulk, 
there was little difference between the findings in the study of 
cutaneous and mucosal neuromas by Thies and Cervos-NavmTo 
[10] and our findings in normal skin of patients with MEN 2b. 
Confirmation that these nerve fascicles m·e Im·ger and more 
numerous may be found in the report of Carney et al [5], 
demonstrating an increase in size of the nerve fascicle compared 
with normal dermal nerves . 
The nerves do not appear to be greatly changed, except in 
size and number, yet there is no intradermal axon flm·e r~sponse 
to histamine. Some of the nerve masses have a thIckened 
perineurium, which is also observed in tumor masses [3,10]. 
The vm·iable and limited histochemical studies done thus far 
do not imply any consistent abnormality, but the results are 
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FIG. 4. Cross section of dermal nerve fascicle showing myelinated and nonmyelinated axons. Neurotubules, nemolibrils, and milochondria are 
observed in the axons. Note increased amount of endoneurial collagen and multilayered perineurium (upper right) . X 10,260. 
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Flc. 5. Granula r degeneratioll of axon is observed in lower left. x 
11,200. 
unusual. Usually, nerve trt)nks have acid mucopolysaccharides 
but we did not find these in our tissue samples. Evidence of 
light microscopic and histochemical alterations suggests that, 
while the nerves appear large but morphologically normal, 
there may be varied s tructural and biochemical changes. Neu-
romediator or neuropeptide changes may be found in the futme. 
We have indicated that the enlarged nerve masses are found 
in the skin of the neck, trunk, and proximal limbs. We know 
nothing yet about the more complex nerve endings in the distal 
glabrous skin or transitional mucous membranes [6]. We cannot 
define the portions of the extremities that are involved. We 
believe aU areas of the skin may be involved, for dermal tumor 
masses (presumably neuroid tumor) have been found in the 
na il folds in 2 patients with MEN 2b. It will be necessru'y to 
s tudy systema tically the localization and numbers of nerve 
endings in the skin and mucous membranes now that the 
techniques ru'e available to provide not only qualitative but also 
quantitative information about cutaneous nerve endings 
[8,11]' 
The gross ultrastructure of the nerve organization is normal, 
particulru'ly that of the myelinated nerve fibers. Schnitzler et al 
[12] stated that the appearance of the lesion on electron mi-
croscopy was that of traumatic nemoma. The nonmyelinated 
nerve axons, which are observed in the nerve fascicles in our 
cases, appeal' to be similal' to the dermal nerve endings because 
they contain vacuoles, vesicles, and mitochondria similar to 
those seen in nerve endings found either within complex nerve 
end organs or in the subepidermal free nerve endings [13]. 
Similar changes are observed in nemopathy, but these al'e 
usually accompanied by pronounced degeneration of axon 
or Schwalm cell [14]. Thies and Cervos-Navarro [10] and 
Schnitzler et al [12] illustrated that the mucosal nemoma must 
origina te [Tom mixed nerve (myelinated and nonmyelinated). 
The nerve fascicles in our cases were also of mixed nerve origin. 
FTC 6. Axons a re free in endoneuria l coUagen but are sllJTolll1d ed by 
basement membrane. Basement membrane is reduplicated and loops 
out to isolated axons. x 12,540. 
The interesting case of generalized and mucosal nemoma with-
out endocrine disease reported by Altmeyer and Merkel [15] in 
1981 is different because the cutaneous and mucosal nemomas 
were principally of nonmyelinated axons. Our cases did not 
show the cellular, fibrilla)", organoid changes or long-spacing 
collagen (Luse) bodies observed in neurofibroma [16,17]. 
This preJiminruoy smvey of cutaneous material in the MEN 
2b syndrome has convinced us that all t he skin and mucous 
membrane ruoe involved in organoid nerve proliferation. Multi-
ple biopsy specimens from normal as well as involved skin must 
be taken to document the extent of the change in new cases. 
Similru' histochemical and electron microscopic studies need to 
be performed in a prospective study. Pharmacolcgic and func-
tional studies also may reveal significant changes. The study of 
nerve growth factor may be more important in these patients 
than in patients with neurofibromatosis in whom axonal prolif-
eration is not OCCUlTing. The cases offer a special opportunity 
to study nerve axon proliferation in normal skin. 
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Double Immunofluorescence Microscopy: A Method for Localizing 
Immune Deposits in Skin Diseases Associated with Linear Basement 
Membrane Zone Immunofluorescence 
W. RAY GAMMON, M.D., TED ROBINSON, ROBERT A. BRIGGAMAN, M.D., AND CLAYTON E. WHEELER, JR., M.D. 
Department of Dermatology, The University of North Carolina at Chapel Hill, School of Medicine, Chapel Hill, North Carolina, U.S.A. 
Direct immunofluorescence microscopy has shown 
that a linear pattern of immunoglobulin and/or comple-
ment deposition at the cutaneous basement membrane 
zone is a characteristic feature in a number of acquired 
bullous diseases and is occasionally observed in systemic 
lupus erythematosus. Immunoelectron microscopy has 
shown the linear pattern of immunofluorescence may be 
produced by immune deposits located either above the 
basal lamina (in the lamina lucida) or below the basal 
lamina (in the upper dermis). Distinguishing between 
these sites of in;unune reactant deposition may be of 
value in differential diagnosis. In this study we report a 
double immunofluorescent method by which skin biop-
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sies with linear IgG immunofluorescence due to deposits 
above the basal lamina (bullous pemphigoid) could be 
distinguished from biopsies with deposits beneath the 
basal lamina (bullous systemic lupus erythematosus and 
epidermolysis bullosa acquisita). When skin sections 
were treated sequentially with rhodamine-labeled anti-
human IgG followed by fluorescein-labeled antilamina 
lucida (pemphigoid) antibody and examined by fluores-
cence microscopy, the following results were obtained. 
In biopsies with IgG deposits in the lamina lucida, a 
single green fluorescent band was observed. In tissues 
with subbasal lamina deposits, either parallel and con-
tiguous bands of green and yellow-orange fluorescence 
or a single band of yellow-orange fluorescence was ob-
served. The method is simpler, quicker, and less expen-
sive than immunoelectron microscopy and should be a 
useful technique for evaluating skin diseases with linear 
immunofluorescence at the basement membrane zone. 
Standard direct immunofluorescence microscopy using fluo-
rochrome-labeled antibodies to human immunoglobulins (Ig) 
and complement (C) components has been of value in the 
differential diagnosis of skin diseases, particularly the acquired 
bullous diseases [1]. However, the value of the technique has 
been limited due to difficulties in distinguishing between dis-
eases associated with similar clinical and histologic features and 
an identical location, pattern, and composition of immune reac-
tant deposition in skin. 
Limitations in differential diagnosis by direct immunofluo-
rescence are commonly encountered in diseases associated with 
a linear pattern of IgG and/or C3 deposition at the cutaneous 
basement membrane zone (BMZ) . This pattern is characteristic 
of bullous pemphigoid (BP), cicatricial pemphigoid (CP), and 
